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Differential regulation of renal cyclooxygenase mRNA by dietary salt
intake. Experiments were done to investigate the influence of dietary salt
intake on renal cyclooxygenase (COX) I and II mRNA levels. To this end
rats were fed either a low NaCl diet (LS; 0.02% NaCI wt/wt) or a high
NaC1 diet (HS diet; 4% NaCI wt/wt) for 5, 10 and 20 days. After 10 days
Na excretion differed 760-fold, plasma renin activity and renin mRNA
were increased eight- and threefold in LS compared to HS animals. Total
renal COX I mRNA decreased 50% following the LS diet and did not
change after the HS diet. Conversely, COX II mRNA declined after HS
intake and transiently increased after salt depletion. COX 1 and II
mRNAs were unevenly distributed along the cortical-medullary axis with
ratios of the cortex:outer medulla:papilla of 1:3:23 and 1:1:2, respectively.
Cortical COX mRNAs were inversely regulated by salt intake with
eightfold changes in COX II. Conversely, in medullary zones, COX I
mRNA correlated directly with salt intake. We conclude that dietary salt
intake influences renal cyclooxygenase mRNAs zone-specifically with
opposite responses between cortex and medulla. Cortical COX 11-medi-
ated prostaglandin formation is probably important in low salt states
whereas medullary COX I-produced prostaglandins seem to be more
important for renal adaptation to a high salt intake.
Prostaglandins (PG), a group of heterogeneous compounds
with multiple physiological actions, are synthesized constitutively
by many cells and tissues and an enhanced local production occurs
in diverse pathophysiological states. yclooxygenase (COX) plays
an important role in the formation of prostaglandins by converting
arachidonic acid into the precursor compound PGH2, which is
quickly metabolized to final PG species by cell and tissue specific
isomerases [1]. Two isoforms of cyclooxygenase have been iden-
tified: COX I, the housekeeping enzyme which is present at stable
levels in many tissues, and COX II, an inducible isoform which is
undetectable in most cells and tissues, but can be induced by a
wide range of inflammatory mediators and growth factors [2—4].
The kidney is a rich source of prostaglandins, which have been
suggested to be involved in diverse renal processes ranging from
a normal kidney development during embryogenesis to physiolog-
ical control of hemodynamics, electrolyte regulation and urine
concentration ability [1, 5—6]. Furthermore, PGs are believed to
also exert effects on juxtaglomerular granular cells that produce
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and secrete the aspartyl proteinase renin [1, 7]. Studies using
blockers of prostaglandin formation suggest that PGs may medi-
ate the fast effects on renin secretion seen with changes in luminal
NaC1 concentration at the macula densa [8, 9], as well as
long-term effects on renin secretion and renin mRNA after
furosemide treatment [10]. These studies suggest that renal
cortical PGs play a causal role for renin stimulation particularly in
low salt states. On the other hand, an important role for medullary
PGs during high salt intake to promote salt excretion has been
suggested by several observations [reviewed in 1]. However, no
clear picture of the influence of salt intake on renal PG-produc-
tion has emerged [1]. Measurements of urinary PG-metaholites in
response to various salt diets with or without COX-inhibition
yielded conflicting results [1].
Therefore, to examine the effect of sodium intake on renal
PG-formation and to overcome the difficulties inherent to urinary
and tissue PG measurements, we found it suitable instead to
measure mRNAs of the cyclooxygenase enzymes during con-
trolled salt intake. In rats, we examined the renal distribution of
the two isoforms of cyclooxygenase in the basal state, and
determined whether changes in renin secretion and renin mRNA
in rats fed low salt (LS) or high salt (HS) diets are associated with
changes in renal COX expression, and where these changes occur.
METHODS
Animals
Male Sprague-Dawley rats weighing 120 to 150 g entered the
study. Control rats were fed standard rodent diet (NaCl content
0.5%; Altromin, Germany) and all rats were allowed free access to
tap water. In one series, rats were kept on a HS diet (4% NaCI
wt/wt) for 5, 10 and 20 days, and the other groups were main-
tained on a NaCI deficient diet (LS; 0.02% NaCI wt/wt) for 5, 10
and 20 days (5 animals in each group). In the second series, two
groups of rats (N = 8, each group) were maintained for 10 days at
HS or LS. Animals were killed by decapitation, blood was
obtained from the carotid arteries and organs were rapidly
extirpated, weighed, frozen in liquid nitrogen and stored at —80°C
until extraction of total RNA.
Urinary concentrations of Na
Rats were placed in metabolic cages for 24 hours and urine was
quantitatively collected. Na concentration was measured by flame
photometry.
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Plasma renin activity measurements
Plasma samples incubated for 1.5 hours at 37°C. The generated
angiotensin I was determined by a radioimmunoassay kit (Sorin-
Biomedica, Düsseldorf, Germany).
Zonal distribution of mRNAs
Kidneys were placed in a physiological salt solution on ice and
the cortex was carefully dissected from the outer medulla with a
scalpel blade. Finally, the outer and inner medullas with the
papilla were separated. No attempt was made to separate the
outer and inner stripes of the outer medulla. On completion of the
dissection the different tissue samples were frozen in liquid
nitrogen and kept at —80°C until RNA extraction. To obtain
sufficient amounts of RNA the outer medullas from two rats were
pooled and the inner medullas from four rats were pooled.
Extraction of RNA
RNAs were extracted from whole organs and dissected zones
basically according to the acid-guanidinium-phenol-chloroform
protocol of Chomczynski and Sacchi [111. RNA pellets were
dissolved in diethylpyrocarbon ate-treated water, the yield of RNA
was quantified by spectrophotometry at 260 nm, and samples were
aliquotated and stored at —80°C until further processing. The
quality of extracted RNA was confirmed by the observation of
intact 18S and 28S bands after gel electrophoresis in an ethidium
bromide-stained agarose gel.
Reverse transcriptase-polymerase chain reactions and cloning
of cyclooxygenase cDNA sequences
cDNA sequences specific for COX I and II were cloned by
reverse transcriptase-polymerase chain reactions (RT-PCR) in
transcription vectors for in vitro generation of radiolabeled cRNA
probes.
Reverse transcriptase reaction. Rat lung and kidney mRNA were
used as templates for the PCR amplification of COX I and COX
II, respectively. One microgram of total RNA, 1.5 jxg yeast tRNA
and 0.5 tg oligo dT primer (Gibco) were heated at 94°C for three
minutes in a volume of 8 .d. Then samples were cooled on ice and
each of the following components (in xl) were added for reverse
transcription: 4 deoxyribonucleotides (2.5 mmol/liter); 4 RT-
buffer (supplied with the reverse transcriptase kit), 2 dithiothreitol
(DTT), 0.5 RN'asin (40 IU/ml, Promega), 0.5 bovine serum
albumin (20 mglml) and 1 reverse transcriptase (200 Uljxl;Gibco
BRL). Samples were then incubated for one hour at 37°C and the
reaction was stopped by heating the samples to 95°C for two
minutes. From the respective cDNA samples 3 d was used for
PCR.
Primers. Primers were based on available cDNA sequence for
rat COX I and II [2J. To facilitate cloning primers were synthe-
sized with restriction sites for BamHI and EcoRI in the 5'
direction. COX I (Pharmacia, Biotech, Germany) Sense 5'-CGG
GAT CCG CTG CTG AGA AGO GAG Tl'-3', and antisense
5'-GOA All' CGG TGG TAC TOT CGT TCC A-3' generated a
188-base pair product spanning bases 601-788 of rat COX I
cDNA. The COXII A nucleotide sequence of COX II eDNA that
coded for an amino acid sequence near the carboxyl terminus of
COX II, which was not found in COX I, eDNA was amplified.
Sense 5'-GAA ATG GCT GCA GAG TTG-3' and antisense
5'-GGA AlT CTC ATC TAG TCT GGA GAG TTG-3' spanned
bases 1538-1892 and amplified a 356 bp segment.
PCR. PCR was performed with 3 pA undiluted eDNA. To the
eDNA was added (in pA) 1 of each primer (10 pmol), 2 desoxyri-
bonucleotides (2.5 mmol/liter), 2 PCR-buffer (supplied with the
Taq polymerase) and water to a final volume of 20 jxl. The mixture
was overlaid with one drop of mineral oil and the samples were
denatured at 95°C for five minutes, followed by annealing at 65°C
for five minutes, during which 1 U of Taq polymerase (Boehr-
inger, Mannheim, Germany) was added. Thirty-four to 36 cycles
consisting of one minute denaturation at 95°C, one minute
annealing at 60°C (COX II) or 58°C (COX I) and polymerization
at 72°C for 30 seconds were used to obtain eDNA for cloning.
Cloning of COX I and COX II specific sequences
PCR products were verified on a 2% agarose gel, pooled,
purified with Wizard PCR Preps (Promega, Madison, Wi, USA),
digested with BamHl/EcoRI (5 U; Pharmacia, Biotech, Germany)
for two hours, separated on 1% low-melting point agarose gels,
excised, purified by phenol/chloroform extraction and ligated for
16 hours at 14°C into Bam/Eco polylinker sites of vector pSP73
(Promega) for heat-shock uptake into Escherichia coli (DH5a).
Positive colonies were picked and bacteria were grown overnight,
plasmids were isolated and purified (Mini-plasmid kit, Qiagen).
Of six screened COX I colonies, five contained a correctly sized
insert. Of the six screened COX II colonies all had the correct
insert. Positive clones were grown in large quantity and plasmids
were isolated for sequencing by a plasmid purification kit (Maxi-
kit, Qiagen, Germany). Inserts were sequenced by the dideoxy-
chain termination method in both directions by the use of SP6 and
T7 polymerases (Sequiserve, Deisenhofen, Germany).
Ribonuclease protection assay for COX I, COX II, renin, and
GAPDH
COX, renin and GAPDH mRNA levels were measured by an
RNase protection assay basically as described [10, 12]. In brief,
after linearization with Hindlil and phenol/chloroform purifica-
tion, the plasmids yielded radiolabeled antisense cRNA tran-
scripts by incubation with SP6 polymerase (Promega) and (a-
32P)GTP (Amersham) according to the Promega riboprobe in
vitro transcription protocol. Five times i0 cpm of the cRNA
probes hybridized with 20 jxg total RNA (COX I, COX II and
renin), I xg total RNA (GAPDH) and 20 jig tRNA (negative
control) at 60°C overnight, and then was digested with RNase
A/TI (RT/30 mm) and proteinase K (37°C/30 mm). After phenoli
chloroform extraction and ethanol precipitation, protected frag-
ments were separated on a 8% polyacrylamide gel, the gel was
dried for two hours, bands were quantitated in a Phosphoimager
(Packard) and autoradiography was performed at —80°C for one
to three days.
Validation of assays for COX I and II mRNA
The range where the hybridization yield for COX I and 11
(counts/mm) was a linear function of the amount of assayed total
RNA was determined (Fig. 1). The corresponding autoradiograph
shown in Figure IA shows that the hybrids had the correct sizes of
188 pb for COX I and 356 bp for COX II. The cRNA probes
moved slower in the gel because of a larger size due to the
undigested transcribed polylinker from plasmid template. Results
COXI
—l9Opb
188 pb
1250
1000
750
500
250
0
1250
1000
750
500
250
0
B
Total RNA, ig
with each COX probe alone in one RNA sample (Fig. 1A) were
compared to the results obtained when both probes were applied
simultaneously in one RNA sample (Fig. 1B). Linearity between
the amount of total RNA assayed and the counts from the hybrids
was observed in the tested range with probes used separately or
together. Twenty micrograms of total RNA allowed simultaneous
measurement of both specific mRNAs in one sample in a range
were hybrid signal is a sensitive function of assayed RNA quantity.
As a functional assay of probe specificity COX I and II mRNAs
were measured in kidney, liver and lung, which are organs with
very different patterns of COX isoform expression [21. Significant
levels of COX I mRNA was detected in all tested organs, whereas
the kidney, as already reported [2], was the only site with a
prominent constitutive level of COX IT mRNA (not shown). It is
concluded that the probes are specific for COX I and II mRNA
sequences.
Fig. 1. Validation of assay. At the top, a representative autoradiograph
of an RNase protection assay for cyclooxygenase (COX) I and COX II
mRNA can he seen. Hybridization was performed with 5, 10, 20, 40 and
80 j.g renal total RNA for COX I (lanes I to 5) and COX II (lanes 8
to 2), respectively (each isoform cRNA probe alone in one RNA
sample). Negative controls with 80 jg tRNA are seen in lane 6 and 13,
and probes with no addition of RNA are seen in lane 7 and 14.
Hybridizations done with 20, 40, 80 g total renal RNA and addition of
both probes in one sample are seen in the last three lanes preceding
the length standard. (A) Counts per minute obtained for each band are
plotted as a function of the RNA-amount used for hybridization. Only
one isoform was assayed in each sample. (B) Both isoforms (COX I, •;
COX II, LI) were simultaneously measured in one sample. Again, the
cpms are plotted as function of the amount of assayed total RNA.
Simultaneous measurement of both isoforms yielded identical results as
with each probe alone. In all further assays we used 20 g RNA.
Statistics
Levels of significance between groups were calculated using the
unpaired Student's t-test. P 0.05 was considered significant.
RESULTS
Validation of the salt diets
After 10 days, the various NaCI diets were confirmed to
influence NaCl excretion and the renin-angiotensin system (Table
1). NaCI excretion differed a factor 760 between HS and LS.
Plasma renin concentration and cortical renin mRNA abundance
were increased eight- and threefold increased, respectively.
Temporal changes in total renal COX mRNA after changes in
salt diets
To get a first impression of whether renal COX isoforms were
influenced by dietary salt intake, the total renal RNA was
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Table 1. Influence of sodium intake on sodium excretion and the
renin-angiotensin system
NaCI content
%
UN.
jxEq/hr*kg
PRA
ng Ang J/hr*ml
Renin mRNA
netto cpm/20 jig
0.02 4.7 O.07a 16.1 1.3' 733 45.6
4 3476.5 14 2 0.35 248.8 21.4
up < 0.05, LS versus HS
obtained from rats maintained on HS or LS diets for 5, 10 and 20
days.
For comparison, mRNA from the housekeeping gene GAPDH
was analyzed in every RNA sample used for COX measurements.
Because salt intake did not influence renal abundance of GAPDH
mRNA (Table 2) it was used as an internal standard for quanti-
fication of COX mRNAs. Analyses done in this way revealed that
COX I mRNA was decreased compared to controls after LS diet
at 5, 10 and 20 days, whereas rats on the HS diet showed
unchanged COX I mRNA (Fig. 2A). Conversely, the COX II
mRNA abundance was decreased by a HS salt diet to around 50%
of the control level at all time points. LS diet transiently stimu-
lated COX II mRNA twofold at 10 days (Fig. 2B). Finally, it
should be noted that, when corrected for different probe size,
COX I mRNA was about 3.5-fold more abundant than COX II
mRNA with total renal RNA.
Zonal distribution of cyclooxygenase mRNA
Intrarenal distribution of COX-mRNAs was examined with
total RNA obtained from cortex, outer medulla and papilla from
control rats. To get an impression of the contamination of
medullary tissue with cortical tissue during dissection, renin
mRNA was measured in all zones, and as expected, the signal was
5- and 120-fold weaker with RNA from outer medulla and papilla,
respectively, compared to cortex (not shown). An original auto-
radiograph (Fig. 3) illustrates the uneven presence of COX
mRNAs in renal zones. For both isoforms the abundance ap-
peared to increase in the cortical-medullary direction. Indeed,
quantification revealed heterogeneous COX I mRNA levels along
the cortical-papillary axis with a ratio for the cortex:outer medul-
la:inner medulla of 1:3:23 (Fig. 4A). COX 11 was more evenly
distributed with a cortex:outer medulla:inner medulla ratio of
1:1:2 (Fig. 4B). Because GAPDH-mRNA levels were similar in
the three zones (data not shown), GAPDH was used as a standard
internal control for quantification of zonal COX mRNAs. A
rough comparison of isoform abundance after correction for
different probe size shows that in the cortex, COX II mRNA
abundance was 1.2-fold higher than COX I. In the outer medulla
and papilla COX I was 3.5- and 12-fold higher than COX II,
respectively. COX II is thus the most prominent isoform in cortex
and COX I dominates the medullaiy zones with a very high level
in the papilla. Consequently, the intrazonal COX 1/Il ratio
increased along the cortical-medullary axis.
Localization of renal COX mRNA changes in response to salt
intake
Since COX mRNAs were expressed differently in renal tissue
we quantitated the mRNA responses to various salt diets in the
major zones. GAPDH mRNA abundance was not influenced by
the dietary salt content in any renal zone and was therefore used
Table 2. Influence of salt intake on total renal GAPDH-mRNA
abundance (netto cpm, N = 5)
NaCl content
% 5 days 10 days 20 days
0.02 1283 83 998 86 1219 181
1298 117 1349 112 1198 89
Corresponding value from control rats was 1070 40 (netto cpm, N =
8). Renal total GAPDH mRNA abundance was not significantly altered by
the dietary salt content.
again as an internal control for COX mRNA quantification (data
not shown). In the cortex, which constitutes 70 to 80% of the renal
mass, COX II mRNA was increased in response to a LS diet
compared to a HS diet. This can already be seen on the
representative autoradiograph in Figure 5A. Quantification re-
vealed a significant twofold stimulation in the LS-animals com-
pared to controls, whereas a fourfold decrease in response to a HS
diet was noted (Fig. 5B). Altogether, 10 days of HS or LS diet
resulted in eightfold changes in cortical COX II mRNA abun-
dance. Cortical COX I mRNA was present at low levels and did
not change after the LS diet, but decreased significantly in parallel
with COX II mRNA after a HS intake (Fig. 5B). The changes are
in accord with the results obtained with whole kidney RNA
considering the relative distribution of the isoform mRNAs and
the proportion between each zone and total renal mass. Thus,
cortical cyclooxygenase mRNA abundance is inversely regulated
by dietary salt intake with quantitatively dominant changes in
COX II.
In medullary tissues COX I was the dominant isoform, and the
salt content of the diet correlated directly to the mRNA abun-
dance in both the outer medulla and in the papilla (Figs. 6 and 7).
In the outer medulla and papilla a significant decrease in COX I
mRNA level was observed in response to the LS diet. A HS diet
tended to increase COX I mRNA compared to the control diet,
however, this did not reach statistical significance. The rather
modest but significant changes should be compared to the already
high levels in the control situation. COX II mRNA changes were
parallel to those of COX I at a much lower absolute level, with a
significant decrease in mRNA abundance in response to a LS diet
in the outer medulla and papilla.
In summary, renal COXs were influenced oppositely by salt
intake depending on the renal zone. Thus, in renal cortex there
was an inverse correlation especially between COX II mRNA and
salt intake, whereas in medullary tissue salt intake correlated
directly to COX I mRNA in particular.
DISCUSSION
The present study examined renal cyclooxygenase mRNA dis-
tribution and the regulation of these mRNAs by dietary salt load.
The mRNA for the constitutive isoform COX I was three- and
23-fold more abundant in the outer medulla and papilla, respec-
tively, compared to cortex. On the other hand, COX II mRNA
was uniformly detected in all renal zones with a weak increase in
papillary mRNA levels compared to the cortex and outer medulla.
We conclude that a steep mRNA gradient along the cortical-
medullary axis exists for COX I mRNA that attains very high
levels in the papilla, whereas COX II is more equally distributed.
The present observations are compatible with previous studies on
COX I mRNA [131 and protein distribution [14, 15J in the rat
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Fig. 2. Time-dependent changes in renal COX mRNAs in response to
salt intake. (A) Rat renal COX I mRNA abundance after 5, 10 and 20 days
on diets with 0.02% (•) or 4% (El) NaCl content. A low salt diet
significantly inhibited COX I abundance at all time points. Dotted line
indicates control level obtained with RNA from rats on normal sodium
diet (P 0.05, LS compared to control). (B) Rat renal COX II mRNA
abundance after 5, 10 and 20 days on high salt (HS) and low salt (LS) diets.
COX II mRNA was significantly inhibited in response to the HS diet at all
time points and was stimulated after 10 days on the LS diet compared to
controls. Dotted line indicates control level obtained with RNA from rats
on normal sodium diet (P  0.05, salt diet compared to control). COX
mRNA abundance is given as the ratio of COX/GAPDH * iO mRNA.
Data are means SCM of five different RNA preparations at each time
point.
kidney. The low cortical presence of COX I mRNA is explained
by the primary non-tubular localization in glomeruli and vessel
endothelial cells that constitute a very small proportion of cortical
tissue [141, whereas nearly all papillary structures contain COX I
[16]. Rat kidney cortical COX 11 mRNA and protein have been
associated with the macula densa and cells of the surrounding
thick ascending cortical limb of the loop of Henle [15] and has
been demonstrated in microdissected afferent arterioles [17].
Medullary COX II protein is twofold more abundant than in the
cortex, which is in accord with the present results on mRNA, and
has been detected in interstitial cells [15].
As to the regulation of renal COX mRNAs by salt intake, an
initial kinetic study with total kidney RNA revealed a significant
opposite influence of dietary salt on renal COX mRNAs. Whereas
St. 1 2 3 4 5
— Cox II
- COX I
Fig. 3. Distribution of COX isoform mRNAs in major renal zones.
Autoradiograph of a RNase protection assay for COX I and II mRNA in
renal zones. Negative control with 20 rg tRNA and specific, antisense
cRNA probes with no addition of RNA are seen in the first two lanes at
the left. Lanes are: St. Length, standard; ito 2, total kidney RNA; 3, RNA
from cortex; 4, outer medullary RNA; 5, papillary RNA. An increase in
COX Tin medullary zones can he clearly seen and the presence of COX
II in all zones is also evident.
the abundance in COX I mRNA was continually suppressed by a
LS diet and did not change after HS diet, COX II mRNA was
transiently stimulated after 10 days on a LS diet and constantly
suppressed after a HS intake. With RNA from renal cortex the LS
diet increased the abundance of COX II mRNA, whereas the HS
diet markedly suppressed COX II mRNA in particular, but also
COX I mRNA was slightly decreased. In the outer medulla and
papilla COX 1 and II mRNA levels correlated directly with salt
intake, with COX I as the quantitatively dominant isoform.
Consequently, the abundance in mRNA for both isoforms tends
to be concordantly regulated in a specific kidney zone by dietary
salt intake but the cortical/medullary responses are opposite. Our
data indicate that renal PG production in response to salt intake
is highly compartmentalized such that cortical PGs appear to be
particularly important during LS states and that the opposite is
true for medullary PGs. In accordance with this observation,
previous findings have shown that the renal cortical capacity to
generate PGs correlates inversely with salt intake whereas the
medulla responds conversely [18—21]. Altogether the findings
imply different physiological roles for PGs in cortex and medulla
in renal adaptation to chronic changes in salt intake.
A high constitutive mRNA level of COX II is rather unique for
the kidney [2, 3], which suggests that kidney-specific factors act to
sustain a high level of COX II and that a physiological need for
separately regulated COX isoforms exists in the kidney. Accord-
ingly, the lack of either isoform leads to distinct phenotypic
alterations in knock-out mice that include severe renal pathology
in COX II deficient mice [5, 6]. The cellular signaling pathways by
which sodium intake regulates the renal abundance of COX
mRNAs remain a task for future research. At least for COX lithe
mRNA changes could result from changes in gene transcription
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Fig. 4. Quantification of cyclooxygenase (COX) isoform mRNAs in major
renal zones. (A) COX I mRNA abundance in cortex, Outer medulla and
papilla. COX I mRNA was significantly higher in medullary zones
compared to cortex (P < 0.01). The ratio between the respective mRNA
levels was 1:3:23. (B) COX 11 mRNA abundance in cortex, outer medulla
and papilla. COX II was significantly higher in papilla compared to the
cortex and outer medulla (P < 0.05). Ratios between mRNA levels were
1:1:2. Note the different scale on the y axes of the two panels. Data are
shown as the ratio between COX/GAPDFI mRNA * i0.
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Fig. 5. Influence of sodium intake on cortical cyclooxygenase (COX)
mRNA abundance. (A) Typical autoradiograph of an RNase protection
assay for COX I and II mRNA showing the effect of dietary salt intake on
cortical mRNA abundance. (B) Quantitation of cortical COX mRNA
after various dietary salt loads. There was a strong inverse correlation
between salt intake and cortical COX II mRNA level () with an eightfold
difference between high salt (HS) and low salt (LS) fed animals. COX I
(U) was significantly inhibited by HS-intake, but remained unchanged by
LS. Data are shown as the ratio COX/GAPDH * 10 . Eight different
RNA preparations was used per condition tested. p 0.05, salt diet
compared to control.
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rate, or from specific stabilization mediated by a long 3' untrans-
lated region that is important for the mRNA half life [2—4].
Although homologic comparisons between the 5-flanking regions
of the two isoform genes reveal little similarity [3], zone-specific
signals could influence mRNA control mechanisms for the two
isoforms to allow concordant regulation.
As to the physiological significance of the findings, cortical
COX II mRNA increased primarily in the macula densa and the
surrounding thick ascending limb cells in rat kidney after a
comparable LS regimen [15]. Biochemical data indicate that
cortical COX activity is severalfold higher in glomeruli versus
tubuli [22, 23] and this difference is augmented after salt depletion
[18]. Although a recent study on human kidneys failed to demon-
strate COX II in the macula densa a prominent glomerular COX
II presence was evident in podocytes and arterioles [24]. Thus, it
is fair to assume that LS-indueed changes in cortical COX II
mRNA include the juxtaglomerular area. At this site PGE2 and
PGI2 are the predominant PGs [25, 26, 27] with receptor coupling
to adenylate cyclase [17, 221. It is therefore likely that chronic
changes in dietary NaCI correlates inversely to juxtaglomerular
PGE2 and PGI2 concentrations, which could control nearby JG
cell activity in a cAMP dependent manner [l7j.
The direct correlation between medullary COX mRNA abun-
dance and salt intake is in accord with the proposed physiological
action of medullary PGs to promote salt excretion [1].
The kidney papillary structures are the most potent production
sites of renal PGE2 [26, 27]. Medullary PGE2 receptors couple to
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Fig. 6. Influence of sodium intake on outer medullary cyclooxygenase
(COX) mRNA abundance. In outer medulla the level of salt intake
correlated directly to the mRNA levels of COX I () and II (n). The
mRNAs for both isoforms were approximately twofold more abundant
after the high salt (HS) diet compared to the low salt (LS) diet. Five
different RNA preparations were used per condition tested. Data are
shown as the ratio COX/GAPDH * 10 * 0.05, LS diet compared to
control.
cellular increases in intracellular calcium (EPI-subtype) or de-
creases in cAMP (EP3-subtype) [28], which antagonize vasopres-
sin-mediated salt and water reabsorption [ii.
In summary, the present results demonstrate a marked influ-
ence of dietary salt intake on renal COX mRNA abundance.
While renal COX I mRNA is extremely heterogeneous distrib-
uted with 23-fold higher levels in the papilla compared to cortex,
COX II is equally distributed. The dominant cortical isoform,
COX II, is inversely regulated by dietary salt with eightfold
changes between the LS and HS diets. Conversely, medullary
COX mRNAs, particularly COX I, correlate directly with salt
intake. The results suggest significant physiological roles of corti-
cal PGs in LS states and vice versa in the renal medulla.
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for both isoforms were approximately twofold more abundant after the US
diet compared to the LS diet. Note the scale at the y-axis, which should be
compared with the scales in Figures 5 and 6. Four different RNA
preparations were used per condition tested. Data are shown as the ratio
COX/GAPDH * io. .*P 0.05 LS diet compared to control.
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